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Major factors in myocardial oxygen consumption

Law of Laplace

Wall thickness

Radius

Pressure

Law of Laplace most often used in hemodynamics gives 
the relation between transmural pressure and the stress in 

the wall in organs with a wall thickness h.

Wall tension
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Randomized,  double

blind, placebo-controlled trial to compare the effect of

atenolol with that of a placebo on overall survival and

cardiovascular morbidity in patients with or at risk for

coronary  artery  disease  who  were  undergoing  non-

cardiac surgery.

N=200

N Engl J Med 1996;335:1713-20



Conclusions

In patients who have or are at risk for

coronary artery disease who must undergo noncardi-

ac  surgery,  treatment  with  atenolol  during  hospital-

ization can reduce mortality and the incidence of car-

diovascular complications  for  as  long  as  two  years

after surgery. 

N Engl J Med 1996;335:1713-20



88 randomized controlled trials with 19,161 

participants

2018



CARDIAC SURGERY (53 trials)

We found no clear evidence of an effect of beta-blockers on the following outcomes.

• All-cause mortality: RR 0.73, 95% CI 0.35 to 1.52, 3783 participants, moderate quality 
evidence.

• Acute myocardial infarction (AMI): RR 1.04, 95% CI 0.71 to 1.51, 3553 participants, 

moderate quality evidence.

• Myocardial ischaemia: RR 0.51, 95% CI 0.25 to 1.05, 166 participants, low quality 
evidence.

• Cerebrovascular events: RR 1.52, 95% CI 0.58 to 4.02, 1400 participants, low quality 

evidence.

• Hypotension: RR 1.54, 95% CI 0.67 to 3.51, 558 participants, low quality evidence.

• Bradycardia: RR 1.61, 95% CI 0.97 to 2.66, 660 participants, low quality evidence.

• Congestive heart failure: RR 0.22, 95% CI 0.04 to 1.34, 311 participants, low quality 
evidence



• Ventricular arrhythmias: RR 0.37, 95% CI 0.24 to 0.58, number 

needed to treat for an additional beneficial outcome (NNTB) 29,

2292 participants, moderate quality evidence.

• Supraventricular arrhythmias: RR 0.44, 95% CI 0.36 to 0.53, NNTB 

five, 6420 participants, high quality evidence.

• On average, beta-blockers reduced length of hospital stay by 0.54 

days (95% CI -0.90 to -0.19, 2450 participants, low quality

evidence).

Beta-blockers significantly reduced the 

occurrence of the following endpoints



NON-CARDIAC SURGERY (35 trials)

Beta-blockers significantly increased the occurrence of the following adverse 

events.

• All-cause mortality: RR 1.25, 95% CI 1.00 to 1.57, 11,413 participants, low quality of 

evidence, number needed to treat for an

additional harmful outcome (NNTH) 167.

• Hypotension: RR 1.50, 95% CI 1.38 to 1.64, NNTH 16, 10,947 participants, high quality 

evidence.

• Bradycardia: RR 2.23, 95% CI 1.48 to 3.36, NNTH 21, 11,033 participants, moderate quality 

evidence.

We found a potential increase in the occurrence of the following outcomes with the use of 

beta-blockers.



Cerebrovascular events: RR 1.59, 95% CI 0.93 to 2.71,

Beta-blockers significantly reduced the occurrence of the following 

endpoints.

• AMI: RR 0.73, 95% CI 0.61 to 0.87, NNTB 76, 10,958 participants, high quality evidence.

• Myocardial ischaemia: RR 0.51, 95% CI 0.34 to 0.77, NNTB nine, 978 participants, moderate quality 

evidence.

• Supraventricular arrhythmias: RR 0.73, 95% CI 0.57 to 0.94, NNTB 112, 8744 participants, high quality 

evidence.

We found no clear evidence of an effect of beta-blockers on the following outcomes.

• Ventricular arrhythmias: RR 0.68, 95% CI 0.31 to 1.49, 476 participants, moderate quality evidence.

• Congestive heart failure: RR 1.18, 95% CI 0.94 to 1.48, 9173 participants, moderate quality evidence.

• Length of hospital stay: mean difference -0.45 days, 95% CI -1.75 to 0.84, 551 participants, low 

quality evidence.



CARDIAC SURGERY (53 trials)

We found no clear evidence of an effect of beta-blockers on the following 

outcomes.

• All-cause mortality: RR 0.73, 95% CI 0.35 to 1.52, 3783 participants, moderate quality evidence.

• Acute myocardial infarction (AMI): RR 1.04, 95% CI 0.71 to 1.51, 3553 participants, moderate quality 

evidence.

• Myocardial ischaemia: RR 0.51, 95% CI 0.25 to 1.05, 166 participants, low quality evidence.

• Cerebrovascular events: RR 1.52, 95% CI 0.58 to 4.02, 1400 participants, low quality evidence.

• Hypotension: RR 1.54, 95% CI 0.67 to 3.51, 558 participants, low quality evidence.

• Bradycardia: RR 1.61, 95% CI 0.97 to 2.66, 660 participants, low quality evidence.

• Congestive heart failure: RR 0.22, 95% CI 0.04 to 1.34, 311 participants, low quality evidence.

Beta-blockers significantly reduced the occurrence of the following endpoints.

• Ventricular arrhythmias: RR 0.37, 95% CI 0.24 to 0.58, number needed to treat for an additional 

beneficial outcome (NNTB) 29,

2292 participants, moderate quality evidence.

• Supraventricular arrhythmias: RR 0.44, 95% CI 0.36 to 0.53, NNTB five, 6420 participants, high quality 

evidence.

• On average, beta-blockers reduced length of hospital stay by 0.54 days (95% CI -0.90 to -0.19, 2450 

participants, low quality

evidence).



In non-cardiac surgery, evidence shows an association of 

beta-blockers with increased all-cause mortality.
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